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Objective: to define the incidence of technical defects and the impact of technical errors on ipsilateral carotid occlusion,
ipsilateral stroke, and early restenosis rates, we analysed 1305 patients undergoing carotid completion procedures.
Design: prospective multicentre study.
Patients and methods: adequacy of CEA was assessed intraoperatively by angiography in 1004 (77%), by angioscopy
in 299 (22%), and by duplex scan in two patients (1%). Arteriograms and angioscopic findings were interpreted at the
time of the procedure by the operating surgeon, who also established the need for immediate surgical revision.
Results: perioperatively, 13 major strokes (0.9%, all ipsilateral) and six deaths (0.4%) were recorded. Overall, 112 defects
(9%) were identified intraoperatively: 81 (72%) were located in the common carotid artery (CCA) or internal carotid
artery (ICA), and 31 (28%) in the external carotid artery. In 48 patients (4%) the defects were revised. Logistic regression
analysis revealed that carotid plaque extension >2 cm on the ICA was a positive independent predictor of CEA defects
(odds ratio (OR) 1.5; p=0.03). A significant association was found between the incidence of revised defects of the CCA
and ICA and perioperative ipsilateral stroke (OR 11.5; p=0.0002). In contrast, patients with minor non-revised defects
had an ipsilateral stroke rate comparable to that of patients with no defects (p=0.4). No significant association was found
between revised or non-revised defects and occurrence of restenosis/occlusion at 6-month follow-up.
Conclusions: the incidence of major technical defects during CEA is low, yet the perioperative neurological prognosis of
patients with major defects warranting revision is poor. Completion angiography or angioscopy and possible correction
of defects did not protect per se from an unfavourable early outcome after CEA. Therefore, surgical excellence is mandatory
to achieve satisfactory results after CEA.
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Introduction randomised trial conducted to analyse feasibility and
durability of eversion CEA.6 The aim of the present
The efficacy of surgical therapy for carotid stenosis nested study was to define the incidence of technical
defects and the impact of technical errors on ipsilateraldepends on continued efforts to minimise peri-
operative and late complications. Morbidity related to carotid occlusion, perioperative ipsilateral stroke, and
early restenosis rates.carotid endarterectomy (CEA), including peri-
operative stroke, asymptomatic carotid occlusion, and
recurrent stenosis, may be the consequence of technical
defects and it has been suggested that intraoperative
detection and correction of technical errors are optimal Patients and Methods
means of decreasing the risk of postoperative stroke.1–5
In an attempt to verify the clinical relevance of The study included patients recruited by EVEREST, a
randomised, multicentre clinical trial co-ordinated bycorrection of imperfections, we examined a large sub-
group of patients undergoing quality control pro- our unit, designed to evaluate feasibility and durability
of eversion CEA. The EVEREST trial recruited 1353cedures within the EVEREST study, a multicentre
patients, randomly assigned to eversion (678 pro-
* Presented at the XII Meeting of the European Society for Vascular cedures) or standard CEA (675 procedures). The study
Surgery, September 30–October 3, 1998, Paris, France. design, description of the study population, duplex
† Please address all correspondence to: P. Cao, Unita` Operativa di criteria, preliminary results and the list of EVERESTChirurgia Vascolare, Policlinico Monteluce, Via Brunamonti, 06122
Perugia, Italy. collaborators have been previously reported.6 For the
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Table 1. Demographics and risk factors of 1305 patients. endarterectomy site and the CCA. Images were re-
corded on a videotape.No. %
The arteriograms and angioscopies were examined
Mean age 69.3–7.35 (38–92 years) at the time of the procedure by the operating surgeon,
Males 961 74 who established the need for immediate surgical re-Alcohol consumption 127 10
Smoking 691 53 vision. In the case of revision, the completion study
Hypertension 910 70 was repeated to ensure correction of the defect. Patient
Diabetes 242 19 evaluation in the EVEREST trial was scheduled at 1,Hypercholesterolaemia 665 51
Coronary artery disease 381 29 6, and 12 months after surgery and then yearly for 4
Atrial fibrillation 49 4 years. Each follow-up visit consisted of a duplex scan
Peripheral artery occlusive disease 414 32 examination and clinical evaluation. Mean follow-upContralateral occlusion 127 10
was 14.9 months (range 1–38 months). Major endpoints
evaluated in the present study included technical de-
fects, ipsilateral stroke, ipsilateral carotid occlusion
present study, we analysed 1305 (96%) EVEREST and early restenosis. Stroke was defined as an acute
patients, subjected to intraoperative quality control disturbance of focal neurological function with symp-
investigations. In the remaining 4% of the EVEREST toms lasting longer than 24 h and presumed to be
study population, completion procedures were not caused by cerebral ischaemia or haemorrhage. Major
performed because of a clear contraindication for use stroke was defined as an acute neurological event
of contrast media or for a temporary unavailability of characterised by disabling symptoms and signs (Ran-
the angioscope or angiographic equipment. The trial kin >3)7 persisting more than 6 months. Stroke was
protocol involved recording the location and severity defined as ipsilateral when occurring on the operated
of the defects detected intraoperatively. Demographic carotid artery territory. Early restenosis was defined
and baseline clinical data and indications for CEA are as a reduction in diameter >50% of the operated vessel,
reported in Table 1. A total of 1004 (77%) intraoperative occurring within 6 months of CEA.
angiographies, 299 (22%) angioscopies and two (1%) Clinical characteristics were analysed by Chi-
duplex scans were performed. squared test (Yates’ corrected), Fisher’s exact test, and
The type of angiographic equipment used in the Student’s t-test. Corresponding odds ratios (OR) and
different centres is reported in Appendix 1. Com- 95% confidence interval (95% CI) values were cal-
pletion angiography was performed after end- culated. Variables were considered statistically sig-
arterectomy and vessel closure by direct needle nificant when pZ0.05. To determine which
puncture of the common carotid artery (CCA) prox- preoperative and intraoperative factors were as-
imal to the reconstruction, and by manual injection of sociated with the occurrence of technical defects, mul-
12–15 ml of contrast media. Carotid reclamping was tiple logistic regression analysis was performed. The
not required. Single-exposure roentenograms were ob- following variables, possibly related to the de-
tained using a portable digital image intensifier moun- velopment of technical defects, were examined: clamp-
ted on a C arm with a video disc recorder to acquire ing time, diameter of the ICA <4 mm, plaque extension
a fluoroscopic sequence and “freeze-frame” the best on the ICA >2 cm, age, eversion CEA, type of an-
image. aesthesia (local or general), patch, gender, shunt, and
Angioscopy was employed routinely in two of the type of completion procedure (angiography or an-
participating centres in the trial (Modena and Reggio gioscopy). The life-table method was used to determine
Emilia, Italy). A 2.5-mm flexible angioscope with a 1- the incidence of restenosis/occlusion. Life-table data
mm infusion canal was used in both centres (Baxter, were compared with the log-rank test.
Intramed, Vascular System Division, Health Corp., San
Diego, CA, U.S.A.). The angioscope was introduced
before reimplantation of the internal carotid artery
(ICA) on the CCA, and before completion of the suture Results
line in eversion and standard CEA, respectively.
Assessment of the endarterectomy was performed in The indications for surgery and operative data of
the study population are listed in Table 2. In thea retrograde fashion as the angioscope was withdrawn.
Infusion with saline solution was performed to expand perioperative period (30 days), 13 major strokes (1%),
six deaths (0.4%), and 11 (0.8%) minor strokes occurred.the artery and to facilitate advancement of the an-
gioscope. The distal endarterectomy site was visu- Three of the 13 major strokes were fatal (0.2%). The
perioperative major stroke/death rate was 1.2%. Otheralised, followed by the midpoint and proximal
Eur J Vasc Endovasc Surg Vol 18, July 1999
S. Zannetti et al.54
Table 2. Indications for surgery, operative details, and peri- ICA were detected. In one case, after eversion CEA,
operative events of 1305 CEA patients. the ICA was reimplanted with a torsion of 180°. Cor-
Surgical indications No. % rection of defects was accomplished by patch an-
gioplasty in 16 cases, removal of residual
Ipsilateral symptoms 580 44 atherosclerotic plaque or flap correction in 17 cases,Contralateral symptoms 116 9
Vertebrobasilar symptoms 73 5 resuturing of the anastomosis in one case. The re-
Asymptomatic 536 41 dundant ICA was straightened without reopening the
artery, with tacking stitches. In all cases, the secondOperative data No. %
completion study documented success of revision. Five
Local anaesthesia 841 64 perioperative ipsilateral strokes (14%), one peri-
Ulcerated plaque 410 31 operative carotid occlusion (3%), and one early re-Shunt 170 13
Eversion CEA 652 50 stenosis (3%) occurred in this subset of 35 patients
Plaque extension >2 cm 682 52 (Table 3). Operative details and timing of ipsilateral
ICA diameter <4 mm 228 18 stroke in these patients are reported in Table 4.Overall technical effects 112 9
Revisions 48 4 The incidence of major study endpoints were com-
CCA-ICA defects 81 6 pared and analysed in Tables 3, 5, and 6. No significant
CCA-ICA revisions 35 3 differences were observed on cumulative restenosis
Perioperative events No. % rates in patients with and without defects (Fig. 2). Of
a variety of clinical and anatomical features examined
Major stroke* 10 0.8 for their influence on the development of technicalFatal stroke* 3** 0.2
Minor stroke 11 0.8 defects, after applying logistic regression analysis, only
Cardiac death 3 0.2 carotid plaque extension >2 cm on the ICA was a
positive independent predictor of CEA defects (OR* Ipsilateral; ** 1 haemorrhagic.
1.5; CI 1–2.3; p=0.03). Overall, 89 and 23 defects were
detected by 1004 completion angiographies and 299
angioscopies, respectively (8.9% vs. 7.7%, p=0.6). No
technical defects were detected by the two completion
duplex scans. Twenty-two defects of the ICA or CCA
were detected by angioscopy, 16 warranting revision.
With respect to angiography, 59 defects of the CCA
or ICA were detected, 19 were revised (5.4% vs. 1.9%,
respectively, p=0.002).
Of the 112 patients with a positive completion study,
an increased incidence of perioperative ipsilateral
stroke was found relative to patients with normal
intraoperative completion studies (OR 4.6; CI 1.6–12;
p=0.002). A statistically significant association was
found between incidence of revised defects of the CCA
Fig. 1. Incidence, severity, and distribution of technical defects of and ICA, and perioperative ipsilateral stroke relative
1305 patients. to patients with normal intraoperative completion
studies (OR 11.5; CI 3.1–35.3; p=0.0002). In contrast,
causes of perioperative death included myocardial no significant association was found between patients
infarction in three cases. Six patients (0.4%) ex- with minor defects of the CCA or ICA and incidence
perienced late ipsilateral stroke. No complications of perioperative ipsilateral stroke, when compared to
were thought to be directly associated with the per- patients with normal intraoperative completion stud-
formance of intraoperative completion studies. Late ies (p=0.4). Incidence of study endpoints, analysed
death occurred in 53 patients (4%). comparing patients undergoing completion an-
The incidence, severity, and distribution of technical gioscopy and angiography, is reported in Table 7.
defects are displayed in Fig. 1. The completion pro- Completion angioscopy showed a significantly higher
cedure was performed immediately after the en- number of defects requiring revision than completion
darterectomy in all cases. Of the 35 technical defects angiography (Table 7). A trend towards a decreased
of the CCA or ICA requiring revision, 19 intimal flaps, risk of perioperative ipsilateral stroke in patients
one carotid occlusion, 10 residual lesions of the ICA, undergoing completion angioscopy was also observed
(OR 0.3; CI 0.03–1.2; p=0.1, Table 7).three residual lesions of the CCA, and one redundant
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Table 3. Incidence of perioperative events and early restenosis in patients with revised defects of the
CCA and ICA and in patients without technical defects.
Revised defects No defects
of CCA-ICA (35) (1193)
No. % No. % p OR 95% CI
Carotid occlusion 1 2.8 4 0.3 0.1 8.7 0.2–91
Ipsilateral stroke 5 14.3 17 1.4 0.0002 11.5 3.1–35.3
Early restenosis* 1 2.8 16 1.4 0.4 2.2 0.05–15.1
*Detected only in patients with duplex follow-up (34/35 and 1183/1193, respectively).
Table 4. Surgical details, type, and timing of ipsilateral stroke in 5 patients with revised defect of the ICA or CCA.
Gender Anaesthesia Shunt Eversion CEA Completion Ipsilateral stroke Time of stroke
procedure
1 F General No Yes Angiography Minor 3 h post-CEA
2 F General Yes Yes Angiography Minor During CEA
3 M General Yes Yes Angiography Fatal During CEA
4 F Local Yes Yes Angiography Major During CEA*
5 F General Yes Yes Angiography Major During CEA
*Occurred during revision of defect.
In the 48 patients of the EVEREST trial who did opinion of the authors that the application of a sub-
not undergo completion studies, two perioperative jective criterion for revision, also applied by other
ipsilateral strokes (4%) and one perioperative occlusion authors,4,5,12 renders data interpretation more reliable.
(2%) were detected. No early restenoses were found Possible discrepancies in evaluating the need for re-
in this subset of patients. These findings were com- vision have been neutralised by different experiences
pared with the population who underwent completion and prejudices among the surgeons participating in
studies, and no statistically significant differences were the trial, so that the overall attitude reflects what
found with respect to the study endpoints. actually happens in the “real world”. However,
underestimation of non-corrected defects did not ap-
pear to take place, considering that patients with non-
revised defects experienced an ipsilateral stroke rateDiscussion
that matched that of patients with no defects.
There is little doubt that completion studies provideThe advantages of intraoperative detection and cor-
the best and most complete surveillance of operativerection of technical defects in CEA have been em-
results. Yet, our data show that, in spite of surgicalphasised by numerous reports.1–5,8–11 Our study allows
revision, patients with technical defects experienced aan overall view of this issue, and the lack in some
strikingly worse perioperative neurological outcomeinstances of detailed data usually provided by smaller
when compared to patients with no defects. Lack ofprospective studies is compensated for by the pos-
correction might have increased the rate of neuro-sibility of examining a large population, whose data
logical complications. However, we consider it re-were prospectively collected for other purposes.
markable that correction of defects failed to protectIn the present study, an objective criterion to quant-
these patients from an unfavourable outcome. In mostify defects and revise the endarterectomy was not
studies, selective outcome analysis of patients withdefined. The EVEREST trial protocol was indeed based
technical defects has not been conducted, and outcomeon the principle that after randomisation any decision
is evaluated in the study population as a whole, in-on patient management was left to the discretion of
cluding patients with and without defects, whetherthe surgeon, and to what he felt was best for the
corrected or not. Donaldson et al. analysed peri-patient.6 Moreover, it is rather difficult, if not im-
operative morbidity and restenosis rates of a series ofpossible, to standardise criteria for revision, con-
patients undergoing CEA and completion angio-sidering that completion procedures were angioscopy
graphy, and concluded that routine practice of a com-and single projection angiography. To our knowledge,
pletion investigation contributes to low rates ofcriteria for revision have never been standardised in
the literature, and are inevitably subjective. It is the perioperative morbidity and restenosis.5 Similarly,
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Table 5. Incidence of perioperative events and early restenosis in patients with and without technical
defects.
Defects No defects
(112) (1193)
No. % No. % p OR 95% CI
Carotid occlusion 2 1.8 4 0.3 0.08 5.4 0.5–38.1
Ipsilateral stroke 7 6.3 17 1.4 0.002 4.6 1.6–12
Early restenosis* 3 2.7 16 1.4 0.2 2 0.4–7.2
*Detected only in patients with duplex follow-up (111/112 and 1183/1193, respectively).
Table 6. Incidence of perioperative events and early restenosis in patients with non-revised defects
of the CCA and ICA and in patients without technical defects.
Non-revised defects No defects
CCA-ICA (46) (1193)
No. % No. % p OR 95% CI
Carotid occlusion 1 2.2 4 0.3 0.1 6.6 0.1–68.3
Ipsilateral stroke 1 2.2 17 1.4 0.4 1.5 0.04–10.2
Early restenosis* 1 2.2 16 1.4 0.5 1.6 0.04–10.9
*Detected only in patients with duplex follow-up (46/46 and 1183/1193, respectively).
Thus, there should be continued effort to achieve
surgical excellence initially, rather than considering
the possibility of later correction.
In an attempt to individualise categories at risk, we
examined operative details of the five patients, with
corrected defects, who experienced a postoperative
ipsilateral stroke (Table 4). Interestingly, the majority
of these patients were female, underwent eversion
CEA, which necessitated a shunt, and underwent com-
pletion angiography rather than angioscopy. These
findings suggest that these factors expose patients to
a greater risk. However, this is a very small group and
previously published preliminary results of EVEREST
suggest that none of these features negatively in-
fluenced overall patient outcome.6
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The potential risks of angiography and angioscopyFig. 2. Cumulative restenosis rates of patients with and without
were not seen in our series. Nevertheless, in our studydefects. (––) Defects; (––) no defects.
population it was difficult to establish the onset timing
of neurological events and their relationship to theRoon and Hoogerwerf reported a statistically sig-
correction of the defects, especially in those patientsnificant reduction in ischaemic neurologic com-
undergoing CEA under general anaesthesia. Therefore,plications after the introduction in their practice of
we cannot exclude that some of the perioperativecompletion angiography.1 We recognise the in-
neurological events did not bear relationship to thedisputable benefits deriving from completion studies,
completion procedure. This consideration, along withyet would like to emphasise that this conclusion war-
the low incidence of defects in our series, leads usrants further investigation. In our series the overall
to agree with other authors that routine completionperioperative major stroke and death rate was very low
studies may be unjustified.13(1.2%). However, data analysis revealed that ipsilateral
Interesting considerations can be made on com-neurological complications were clustered among
paring angiography and angioscopy. Our data clearlypatients with technical defects in need of surgical
indicate that, despite a similar incidence of detectedcorrection. This implies that correction does not render
defects in the two techniques, a higher percentage ofthe outcome of patients with revised defects com-
parable to that of patients without technical defects. defects were corrected in patients undergoing an-
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Table 7. Incidence of defects, revisions, and perioperative complications in patients undergoing
completion angioscopy and angiography.
Angioscopy Angiography
(299) (1004)
No. % No. % p OR 95% CI
Technical defects 23 7.7 89 8.9 0.6 0.9 0.5–1.4
Revised defects 16 5.4 32 3.2 0.1 1.7 0.9–3.3
CCA-ICA defects 22 7.4 59 5.9 0.4 1.3 0.7–2.2
CCA-ICA revised 16 5.4 19 1.9 0.002 2.9 1.4–6.1
Carotid occlusion 2 0.7 4 0.4 0.6 1.7 0.2–11.8
Ipsilateral stroke 2 0.7 22 2.2 0.1 0.3 0.03–1.2
Early restenosis* 2 0.7 19 1.9 0.2 0.4 0.04–1.5
*Detected only in patients with duplex follow-up (292/299 and 1000/1004, respectively).
gioscopy. This could be related to the magnifying effect be emphasised that criteria for revision are always
subjective, and therefore comparison of these figuresof angioscopy, which renders the exact quantification
of defects complex. An additional factor could be that provides no means of establishing a hierarchy of sur-
gical excellence.the reconstruction is not completed and the carotid is
still clamped during angioscopy; therefore, the op- In summary, our results indicate that the incidence
of major technical defects during CEA is low, yet theerating surgeon may be more inclined to correction.
As displayed in Table 6, patients undergoing an- perioperative neurological prognosis of patients with
defects warranting revision is poor. Quality controlgioscopy had a stroke risk reduction of 70% (OR 0.3)
compared to their counterparts undergoing angio- procedures and possible correction of defects did not
protect per se from an unfavourable early outcomegraphy. It is reasonable to speculate that neurological
complications may have occurred before or during after CEA. We conclude that surgical excellence is
mandatory to achieve satisfactory results after CEA,the examination that revealed the defect in patients
undergoing completion angiography, differently from intraoperative angioscopy is an optimal method for
detecting technical errors, and quality control imagingpatients undergoing angioscopy which is performed
before revascularisation is accomplished. Un- is particularly indicated in the presence of a long
carotid plaque.fortunately, this consideration cannot be proved, be-
cause in patients undergoing CEA under general
anaesthesia the exact timing of intraoperative stroke
is not available (Table 4). Nevertheless, we agree with Acknowledgement
other authors that angioscopy is an optimal method
for detecting technical errors14,15 and our data show The authors would like to thank Dr. Enrico Vecchiati for precious
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Appendix 1
The angiographic equipment used in our study was
the following:
OEC, 9000 Diasonics mobile imaging system (Salt
Lake City, UT, U.S.A.) was used in Perugia.
OEC, 9600 Diasonics mobile imaging system (Salt
Lake City, UT, U.S.A.) was used in Ravenna.
OEC, 9400 Diasonics mobile imaging system (Salt
Lake City, UT, U.S.A.) was used in Aosta.
BV 300 Philips (Best, The Netherlands) was used in
L’Aquila.
Siremobil 3N, Siemens was used in Milan.
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